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Problem Potential CO2 leakage from carbon sequestration (CS) project activities could 
occur via a number of pathways. Few studies model and/or measure CO2 

leakage, transport, dispersion, attenuation, and environmental impacts in the 
offshore environment, and those that do exist are preliminary. 

Intervention BOEM needs more information about the dynamics, fate, transport, and 
potential environmental impacts of CO2 leakage under various scenarios, 
including worst-case, on the OCS to inform the new nationwide CS Program 
and to protect the environment from CO2 leakage. 

Comparison The study will model CO2 leakage under various scenarios, including worst-case 
scenarios, using the GOM OCS Region as a case-study and can be applied to all 
OCS regions. 

Outcome The leakage and worst-case scenario modeling will aid BOEM’s ongoing 
rulemaking efforts, program development and implementation, and future 
operational needs including NEPA analyses, lease planning, lease stipulations, 
consultations, plan and permit approvals, mitigation measures, risk assessment 
and monitoring requirements, etc. Study results will also provide direction for 
future studies to include field and/or laboratory analyses. 

Context This study will be applicable to all OCS Regions, with a case-study focused on 
the Gulf of Mexico (GOM). 

 
BOEM Information Need(s): BOEM needs to understand of the impacts of CO2 leakage on the coastal, 
marine, and human environment to evaluate potential impacts from CS activities on the Outer 
Continental Shelf (OCS). BOEM needs background and modeling information about the dynamics, fate, 
transport, and potential environmental impacts of CO2 leakage under various scenarios. The information 
will inform leasing scenarios and decisions, NEPA analyses, mitigation measures, and risk assessment 
and monitoring requirements for CS projects and protect the environment from CO2 leakage. 

Background: Atmospheric levels of GHGs are reaching a point where a global reduction of GHG 
emissions is not enough to curtail the worse effects of climate change; a rapid reduction of GHG 

emissions to net-zero human emissions is now necessary to prevent the more catastrophic impacts of 
climate change from striking communities and countries around the world. CS is an necessary part of 
current climate mitigation models (IPCC 2023, IPCC 2005, NAS 2019, NAS 2021, IEA 2021, US State Dept 
2021) and the United States’ goal to reach net-zero carbon emissions by 2050, and international goals to 
limit global surface warming to +2˚C or lower by 2100. 

The INVEST in America Act (i.e., Bipartisan Infrastructure Law) of 2021 amended the Outer Continental 
Shelf Lands Act’s (OCSLA’s) leasing provisions to authorize the U.S. Department of Interior (DOI) to grant 
leases, easements, and rights-of-way on the OCS for the purpose of carbon sequestration (See 43 U.S.C. 
§ 1337(p)(1)). BOEM and BSEE are currently developing regulations to implement a nationwide OCS 
CS Program, with the anticipation of a CS lease sale in the GOM after final regulations are published. 
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Protecting the environment is central to every aspect and phase of the implementation of CS projects on 
the OCS, especially protection from potential CO2 leakage. Understanding the impacts of CO2 leakage is 
paramount to informing regulatory, policy, and environmental decisions and facilitating effective 
environmental protection during project implementation. Preliminary studies modeling several CO2 

leakage scenarios in the GOM (e.g., Oldenburg and Pan 2020, RISCS Consortium 2014) could inform the 
development of a CO2 leakage model for the OCS. The modeling results from this study will inform CO2 

leakage and worst-case scenarios for NEPA analyses, consultations, mitigations measures, conditions of 
approval, and other environmental issues and decisions. The study results will also inform ongoing 
rulemaking efforts, CS program development and implementation, and future operational lease 
planning, plan and permit approvals, risk assessment and monitoring requirements. 

Objective(s): The objectives of this research include: 

• Collect and evaluate existing data and information on “background” levels of CO2 in the marine 
environment for the GOM OCS region. Information should include seasonal and other types of 
and mechanisms for variability in naturally occurring CO2 levels. 

• Evaluate existing CO2 leakage models and pilot tests (small-scale field tests) that analyze the 
dispersion, fate, and transport of CO2 in the ocean from various potential leakage pathways 
(e.g., Oldenburg and Pan 2020, RISCS Consortium 2014) and determine how they can be applied 
the GOM OCS region. 

• Model CO2 leakage, dispersion, fate, and transport under various scenarios, including worst-case 
scenarios from multiple projects for the GOM OCS Region. Scenarios, at a minimum, should 
include varying volumes and pressures from pipeline ruptures, injection well blowouts, and 
leakages via legacy wells and geologic pathways such as reactivated faults. 

• Model potential chemical oceanography and environmental impacts from the various 
leakage scenarios. 

• Recommend methods and protocols for most effectively incorporating modeling scenarios into 
risk assessment and monitoring requirements for CS projects. 

Methods: The study will compile, review, and synthesize existing information and models for modeling 
CO2 leakage scenarios from CS project activities via a number of pathways (e.g., pipeline rupture, well 
blowouts, and leakages via legacy wells and geologic pathways such as reactivated faults) that may be 
applicable for each OCS region (e.g., Oldenburg and Pan 2020, RISCS Consortium 2014). The study will 
identify the types of models currently being used in the offshore environment to inform the 
development of a national OCS CO2 leakage model. 
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The study will also collect and evaluate existing data and information on “background” levels of CO2 in 
the marine environment for the GOM region of the OCS. Information should include seasonal and other 
types of and mechanisms for variability in naturally occurring CO2 levels. Most of the world’s ocean CO2 

measurement technologies and methods are conducted by NOAA, which is responsible for 
measurements of surface ocean CO2 and ocean carbon chemistry including dissolved inorganic carbon 
(DIC), pH, and calculated surface ocean pCO2. EPA also contributes by publishing trends in pH and 
related properties of ocean water, based on a combination of direct observations, calculations, and 
modeling. In addition, the US Department of Energy’s National Renewable Energy Laboratory and Pacific 
Northwest National Laboratory also study ocean CO2 measurement and processes. NASA’s ICESAT-2 
mission also offers opportunities to monitor ocean carbon fluxes including as air-sea fluxes of CO2, ocean 
primary production, lateral fluxes, and the inventories within these fluxes such as, ocean phytoplankton 
biomass, ocean alkalinity, and open ocean dissolved organic carbon. 

The study will model CO2 leakage under various scenarios, including worst-case scenarios, from multiple 
projects to determine CO2 dispersion, fate, and transport for the GOM OCS region. Region specific 
geologic scenarios will be evaluated. The study will also model impacts to chemical oceanography and 
potential environmental impacts using the CO2 background data/information and various CO2 leakage 
and worst-case modeling scenarios. The study will deliver modeling methods and modeling analyses for 
the CO2 leakage, dispersion, fate, transport, and potential impacts. It will deliver methods and protocols 
for most effectively incorporating modeling scenarios and results into leasing planning and scenarios, 



NEPA analyses, consultations, leakage modeling, mitigation measures, lease stipulations, conditions of 
approval, risk assessment and monitoring requirements, and other environmental needs and decisions 
(above) for CS projects. The study will also assess the gaps in understanding CO2 background levels, CO2 

leakage modeling, and leakage impacts, and recommend direction for future studies to include field 
and/or laboratory analyses. 

Specific Research Question(s): 

1. What are the existing models and pilot tests that analyze the dispersion, fate, and transport of 
CO2 in the ocean from various potential leakage pathways (e.g., Oldenburg and Pan 2020, RISCS 
Consortium 2014)? 

2. What are appropriate CO2 leakage modeling scenarios for the GOM OCS Region that can be 
developed into a national OCS CO2 fate and transport model? What are appropriate worst-case 
CO2 leakage scenarios for the GOM OCS region? 

3. What are considered “background” CO2 levels in the GOM OCS region? 

4. What are the dispersion patterns, fate, transport, and potential environmental impacts from the 
various CO2 leakage scenarios? What are the most important factors affecting CO2 leakage 
dispersion, fate, and transport (e.g., water depth)? 

5. What are the most effective methods and protocols to incorporate the study results into risk 
assessment and monitoring requirements for CS project? What are the gaps in understanding 
background CO2 levels, CO2 leakage modeling, and modeling potential environmental impacts 
from CO2 leakage? 

Current Status: N/A 

Publications Completed: N/A 
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Affiliated WWW Sites: N/A 
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